Summary An attempt was made to explain visual masking phenomenon in terms of single cell activity in the cat's striate cortex by means of three modes of light stimulation: a slit of light stimulus, a diffuse flash of light stimulus and a combination of these two. Only single cells responding well to a moving slit of light and having the distinct axis of receptive field were used for the analysis. These cells were classified into four groups by using flashing stationary slit of light stimulus: viz., ON, ON-OFF, OFF and an unclassified type.
The responses to the combined stimuli were observed in half the ON type cells and all the ON-OFF type cells but never in the OFF type cells. They consisted of two groups of bursts, one termed early response, appearing within300 msec, and the other late response, appearing about 700msec after onset of the diffuse flash of the combined stimuli.
The early response varied in firing pattern from unit to unit, and the latency tended to increase with increase in background luminance. It was very weak or absent in the ON type units, while it was brisk and stable in the ON-OFF type units. It was suggested that the early response may be correlated with the extinction of the maintained stationary slit of light caused by the bright diffuse flash.
The late response was observed in every cell of the ON and ON-OFF types. The firing pattern was a unimodal discharge lasting for a period of 300 to 400msec. The peak time and the spike frequency of the late response decreased almost linearly with increase in background luminance. On the other hand, a similar relationship was also found between log luminance and the reaction time of the human subject to reappearance of the slit of light after it was masked by the bright flash. Therefore, it was inferred that the peak time of the late response corresponds to the period of temporary impairment of perception of the stationary light stimulus by the flash (so-called visual masking).
A diffuse flash of light evoked little or no response from single units ofthe cat's primary visual cortex, in contrast to its effect on ganglion cells of the retina or the lateral geniculate body (BISHOP and RODIECK, 1965; HUBEL and WIESEL, 1959, 1961; HUBEL, 1960) . For activation of the visual cortical units the light stimulus must be in elongated form (e.g., a slit of light) and attention must be paid tp such parameters as its orientation (HUBEL and WIESEL, 1962) , contrast (BURNS and PRITCHARD, 1964) , binocular disparity (BARLOW et al., 1967; NIKARA et al., 1968) and rate of movement . The importance of stimulus movement implies that cortical units in the paralyzed cat do not respond to stationary stimuli.
However, while a diffuse flash of light and a stationary slit of light stimulus are equally ineffective alone, a significant number of cortical units were found to respond to these stimuli when combined (NIKARA, 1970) . This response was systematically examined. Dependence of the latency (or peak time) of the response upon the level of background illumination was compared with that of the reaction time of human subjects. Here, the reaction time means the period which elapses from the onset of a bright flash till the subject reacts to the reappearance of a slit of light after it has been masked for a while by the bright flash of light (visual masking effect). The results were discussed with reference to the psychophysical studies on visual masking effects.
METHODS
Twenty adult cats weighing from 2.5-3.5kg were used. Procedures for preparing the animal, including anaesthetization and operation have been described elsewhere . Figure 1 shows the arrangement of apparatus for the experiment. The cat was fixed to the head holder of a stereotaxic instrument (Takahashi Co., Tokyo) designed by P. 0. Bishop of Canberra, Australia. Two sorts of stimuli were used, a slit of light (moving or stationary) and a diffuse bright flash of light. They were projected onto the back of a translucent tangent screen placed at 1 meter from the eyes of the cat. The source of the slit of light was a bright line on the screen of a cathod ray tube, and this was projected onto the back of the tangent screen through a collimator lens. The brightness of the slit on the tangent screen was 0.06mlb. The speed and amplitude of the moving slit of light and the flashing rate of the stationary slit of light could be controlled by a function generator (NF-Block, FG-104TU). The orientation of the slit was varied by rotating the Braun tube about its longitudinal axis. The length of the slit was varied by an aperture on the Braun tube screen. A xenon flash lamp, placed at 1.5 meters from the back of the tangent screen, was used as a diffuse flash of light stimulus. Its intensity was 2 joules.
The slit of light and the diffuse flash of light were used in the following ways:
(1) Stationary slit of light mode: The stationary slit of light stimulus was The paralyzed cat looks at a translucent tangent screen onto which the various modes of light stimulus are projected. The position of the optic disc in both eyes was projected onto a sheet of paperplaced on the tangent screen by means of the reversible ophthalmoscope technique (BISHOP et al., 1962) . Then the approximate position of the area centralis in each eye was determined on the basis of the results reported in the previous paper . When the cortical cells were activated by the movement of the slit of light from a retinoscope held in the hand, the size and preferred orientation of the receptive field were first sketched on a sheet of paper on the tangent screen by listening to a loudspeaker. Drifting or rolling of the eyes was checked by examining the projection of blood vessels issuing from the optic disc.
Binocular stimulation was used in all cases and a Risley biprism was used to provide simultaneous stimulation of both eyes with one slit of light . Measurements of reaction time in man: Experiments were carried out on three subjects using the same combined stimuli as in the cat, keeping the various stimulus parameters the same as far as possible. The subject, who occupied the same place as the cat, pressed a key when he perceived the reappearance of the light slit which had been masked by the bright flash. Here, the reaction time is defined as the period from the onset of the bright flash to the press of the key. A pulse from the key was led to the computer whose counting cycle was synchronized with the onset of the bright flash of light. Thus, the histogram of the reaction time was obtained from one hundred trials under four different intensities of the background illumination.
A detailed analysis was performed on 48 out of 59 successfully recorded cortical single units. Only the cortical single units which showed distinct responses to the moving slit of light and had a distinct receptive field axis were chosen for this experiment. Table 1 shows characteristics of responses to the three modes. of light stimulation. The cortical single units responding to the stationary slit stimulus at on and/or off were classified into three types (ON ,ON-OFF and OFF types). None of these units responded to a maintained stationary slit located within the receptive field, nor did they respond to a bright diffuse flash of light, as has been observed by other workers (HUBEL and WIESEL, 1959; NIKARA et al., 1968) . However, when a bright flash of light was added to the maintained stationary slit, a large proportion of the units gave responses. As shown in Table 1 , it was found that 50% of ON units and 100% of ON-OFF units were excited by the combined stimuli composed of the maintained stationary slit of light and the diffuse flash of light, while the OFF type units did not show any notable response to the same stimuli.
The units which did not show any response to the three modes of stimulation listed above were termed" unclassified type."
Responses to a single stimulus and combined ones the average responses to a moving slit of light whose preferred orientation and optimal angular speed were 120 degrees measured clockwise from 12 o'clock and 6 degrees per second, respectively. The unit was directionally selective and accordingly there were marked responses to the downward movement. If the slit of light remained stationary, there was no response, as shown in the top right histogram. The bottom right histogram shows that a good response could also be obtained at the onset and offset of the stationary slit of light, placed parallel to the preferred orientation and at the geometrical center of the receptive field. The left half of the histogram shows the onresponse and the right half the offresponse. It is clearly shown that the onresponse is somewhat greater than the offresponse, although they are roughly similar to each other in temporal pattern, both having several peaks; the first peak appeared about 50msec after onset of the stationary slit stimulus, the second one about 80msec and the third broader burst within a range from 100msec to 350msec (cf. early response in the center histogram of Fig. 2 ). While the three peaks were not always clear in every unit examined, the second peak at 80msec was almost invariable.
The bottom left histogram shows the response of the same unit to the diffuse flash of light alone, covering the whole area of the receptive field. No response could be seen and moreover the background activity was strongly reduced for about 300msec from the onset of the diffuse flash of light. This is in agreement with the notion that when the size of a spot of light was increased enough to cover the whole area of the receptive field, the amount of inhibition increased also (HUBEL and WIESEL., 1959) .
Although both the diffuse bright flash of light and the stationary slit of light were completely ineffective as excitatory stimuli when given alone, good responses could be obtained when they were used in combination. The center histogram illustrates these responses in the same unit. Observe that the stationary slit plus the diffuse flash now evoked a response which is comparable in the number of impulses to the response obtained when the same slit is moved (upper left histogram) or intermittent (lower right histogram).
Types of response to the combined stimuli The top histogram shows a long lasting burst occurring about 500msec after the inhibition caused by the onset of the combined stimuli. Only one of the ON units examined showed this type of response. The second histogram shows the more typical response of ON units. This unit gave a weak, brief burst with a short latency and a stronger and longer lasting burst with a latency of about 600msece. of the early response increased gradually, while that of the late response decreased . The background activity following the late response was markedly suppressed when the intensity of the background illumination was raised from 0.001 to 0.01mlb.
The reaction time in man
The measurements of the reaction time were carried out to examine whether the latency or the peak time of the late response might correspond to the psycho physical period during which the human subjects could not perceive the stationary slit of light after the diffuse flash of light, i.e., temporary impairment of visual perception produced by a strong flash of light (the so-called 'masking effect'). Taking the onset of the flash as a point of reference, the reaction time of human subjects to the reappearance of the slit of light was measured under the same optical condition as for the cat. The results obtained are shown in Fig. 5 . Each of these histograms shows the distribution of the reaction time in 100 trials under various levels of the background illumination. The four histograms show clearly that the reaction time shortens markedly with increase in background luminance just as seen for the latency of the late response in Fig. 4 . The relationship between the peak time of the late response in the cat and the reaction time in man is shown in Fig. 6 . The uppermost curve represents the mean values of the reaction time data obtained from three human subjects. The middle curve shows, as an example, the peak time of the late response obtained from the histograms in Fig. 4 . These two curves are almost parallel in decreasing function of log intensity of the background luminance. Within the range from 0.001 to 0.26mlb of the background illumination, the reaction time falls from about 1,200 to 850msec and the peak time of the late response from 1,000 to 500msec. The difference between the Fig. 6 . Comparison at four luminance levels of adaptation between the reaction time of the human subjects and the peak time of the late response to the combined stimuli in single unit of cat's striate cortex. Dashed curve shows the relation between log luminance of thebackground illumination and the total number of spikes per 100 stimulus cycles. Total number of spikes for the late response was counted within the range from 690 to 1190 msec for 0.001mlb, from 580 to 890msec for 0.1mlb, from 500 to 680msec for 0.52mlbo and from 430 to 590msec for 0.26mlb. reaction time and the peak time of the late response will be discussed below. The bottom curve in Fig. 6 represents the total number of spikes of the late response per 100 stimulus cycles under various levels of the background illumination. It is observed that the spike number of the late response decreases with an increase in background luminance, as can be seen for the peak time of the middle curve in the same figure. This corresponds to the fact that the slit of light decreases its subjective brightness while the masked period of the slit shortens.
DISCUSSION
There have been numerous reports on the activity of single cells in the cat's, striate cortex related to organization of the receptive field (HUBEL and WIESEL, 1962, 1965) , contrast discrimination (BURNS and PRITCHARD, 1964) , binocular discrimination (BARLOW et al., 1967; , retinal disparity and sensitivity to motion . These studies rightly emphasize the importance of moving figures as the stimulus for the cortical cells. In this study, it was shown that a stationary stimulus is effective if temporarily masked by a bright diffuse flash. This may be the first investigation of the neurophysiological correlates of visual masking phenomena.
Responses to a stationary flashing light slit According to HUBEL and WIESEL (1959, 1962) , the receptive field organization can be analyzed by using a small spot of light. In the present study, however, when the stationary flashing slit was presented to different areas within the receptive field, no change in the response type was observed excepting one [G-type (HUBEL and WIESEL, 1962) ] of 59 units examined. Thus, there is a distinct difference in the responsiveness of the receptive field between their result and mine. Nevertheless the examination with a flashing slit of light permitted a ready classification of the units ON, ON-OFF and OFF types.
Most units of the" unclassified type," having a very small receptive field, did not show any response to the flashing slit or the diffuse flash. The reason may be that the width of the slit used was too broad as compared with the size of the receptive field and encroached on the surrounding area in the same way as the diffuse flash. Wide variations of the interval between the xenon flash onset and the stationary slit offset were found to have no effect on the development of the early response when the xenon flash was given before the slit offset. When the xenon flash was given after the slit offset, the early response was never observed. Thus, the previously stated suggestion is highly probable. The latency of the early response falls within a range from 40 to 100msec. The wide distribution of the latency is partly due to the complexity of the firing pattern. There are at most three peaks within the burst, and one or two peaks are observed in most of the units. PETTIGREW (1965) has shown in his thesis that the latency of the cortical cell in area-17, responding to a flashing slit, is about 70msec. Recently Dow and DUBNER (1969) have reported that the short and consistent latency of a single unit in the anterior portion of the middle suprasylvian gyrus, responding only to a flashing spot of light, is 40msec.
The firing of the early response ceases within 250msec, after giving the flash. This is also consistent with the reports that the activities of the single units in the middle suprasylvian gyrus (Dow and DUBNER, 1969) and in the striate cortex (HUBEL and WIESEL, 1959; PETTIGREW, 1965) evoked by a spot of light are maintained for about 200msec.
Thus, as to the latency and firing period, the early response to the combined stimuli is consistent with the on-or off-response of the cortical cells to the single light stimulus.
The late response is steady in discharge and relatively simple in its firing pattern. This response seems to appear as the visual perception is restored after the masking effect produced by a strong diffuse flash of light. The explanation of the masking phenomenon in the visual system has been the subject of psychophysics. Years ago THOMPSON (1966) reported that the strength of the masking effect is proportional to the luminance of the masking field using the method of recognition accuracy. His report agrees with the present results if the peak time of the late response is assumed to be related to the strength of the masking effect. The assumption is a reasonable one because the author had demonstrated the same linear relationship between log luminance of the background illumination and the peak time of the late response as well as between log luminance of the background illumination and human reaction time.
The difference between the visual reaction time and the peak time of the late response is considered as the so-called motor part of the simple visual reaction time. MITA (1941) and ROBINSON (1966) reported that 85 to 135msec is the motor part of the visual reaction time, which is defined as the difference between the visual reaction time and latency of alpha-blocking in the electroencephalogram. If the motor part is subtracted from the visual reaction time, one can see that the remainder of the reaction time (visual part) is very close to the peak time of the late response (Fig. 6) 
